The association of a serum lipid abnormality and liver disease has been known since 1862, when Flint (1) described the accumulation of "cholesterine" in the blood of patients with liver disease as the result of decreased excretion of this substance into the bile. Subsequent observations disclosed that this increase in serum cholesterol concentration was largely in the unesterified (free) fraction, so that the ratio of free/total cholesterol was elevated (2-4). Man, Kartin, Durlacher and Peters (5) , in 1945 , showed that the lipid phosphorus concentration and the ratio of lipid phosphorus/cholesterol were also elevated in certain patients with liver disease. The elevation in serum lipid phosphorus concentration appeared to be attributable largely to an increase in the serum lecithin concentration (6) (7) (8) (9) . The hyperlipemia and the increase in the ratio of free/total cholesterol, moreover, showed some correlation with the degree of jaundice, whether due to biliary obstruction or to parenchymal damage (5, (10) (11) (12) .
Abnormalities in the serum lipoprotein composition have also been described in patients with liver disease and jaundice. Marked increases in the Sf6 and Sf8 with varying increases in the Sf10-17 ultracentrifugal classes of lipoproteins have been reported in patients with biliary cirrhosis (13) . In patients with hepatitis, increases in the SA12, [12] [13] [14] [15] [16] [17] [18] [19] [20] , and 20-100 classes, which correlated positively with the icteric index, and decreases in the Sf00-400 class, which correlated negatively with the icteric index, have been found (14) . Increased concentrations of /3-lipoprotein and decreased-to-absent concentrations of a-lipoprotein have been observed with zone electrophoresis of serum from patients with jaundice (15) . Similar findings have been reported with * This investigation was supported in part by a research grant (H-2907) from the National Heart Institute, Be-.thesda, Md., and in part by a research grant from the American Heart Association. filter paper electrophoresis ( 16, 17) and ultracentrifugation (17) (18) (19) . Abnormalities in these lipoprotein fractions, moreover, have been demonstrated by both chemical ( 15, 17, 19) and immunological means (20) . By ultracentrifugal analysis, Havel, Eder and Bragdon (19) In the present investigation, a chromatographic technique for the estimation of the main individual phospholipids of serum (21, 22) was employed in order to characterize further the serum lipid abnormalities of patients with liver disease. The lipids were analyzed in this way in the whole serum of 12 patients with parenchymatous or obstructive jaundice, 3 patients with cirrhosis without jaundice, and 3 patients with bile fistula. In 10 of these patients, in addition, the lipids of the ultracentrifugally separated serum fractions D < 1.019, < 1.063, and > 1.063 were analyzed in the same manner.
MATERIALS AND METHODS
Six male and 12 female patients on the wards of the Presbyterian Hospital were studied. A brief description follows.
M.N., D.C., N.W. and P.K. were females with jaundice of 8 to 16 years' duration, and hepatosplenomegaly.
Laboratory studies of the serum showed negative cephalin flocculation reactions and elevated alkaline phosphatase concentrations in all and a low albumin concentration in 3 of the 4 patients tested; these were classified as having primary biliary cirrhosis. Patient M.N., in addition, had diabetes mellitus known for 3 years. At the time of the serum lipid analysis, M.N. was receiving bile salts orally and P.K. had been on prednisone, 10 in the same manner as the whole serum samples. The methods used for extraction, chromatography and ultracentrifugation have been described previously (21, 22, 25) . The column fractions were analyzed for phosphorus by the method of Fiske and Subbarow (26) , for cholesterol and cholesterol ester by the method of Schoenheimer and Sperry (27) as modified by Sperry and Webb (28) , and for ester bonds by the method of Rapport and Alonzo (29) . Serum triglyceride concentration was calculated by subtracting the serum cholesterol ester concentration from the total serum nonphosphorus-containing lipid ester concentration and dividing by 3.
The normal values used in Table I for whole serum lipids include a combined series of 7 previously reported (22) The estimation of lysolecithin by the column chromatographic method used is not precise, one reason being that lysolecithin comprises only about 7 to 8 per cent of the total phospholipid of normal human serum; a more important reason, however, is that the lysolecithin fraction, which is the final phosphorus-containing fraction eluted from the column, is contaminated with lecithin and sphingomyelin. In a previous communication (21) , it was shown that this final fraction obtained on chromatography of normal whole serum lipid extract was composed predominantly of lysolecithin, but contained about 10 per cent lecithin and 10 per cent sphingomyelin. In calculating this final fraction, therefore, 80 per cent was considered to be lysolecithin, and 10 per cent was added to the lecithin and 10 per cent to the sphingomyelin fraction (22) . On chromatographing samples of lecithin and sphingomyelin containing no lysolecithin, however, these substances were found in the final phosphorus-containing fraction, and it appeared that the amount of lecithin and sphingomyelin in this final fraction was related to the total amount of material in the lecithin and sphingomyelin fractions, respectively, of the lipid extract; thus, by subtracting from this final fraction the appropriate percentage of the lecithin and sphingomyelin fractions, a more accurate approximation of the lysolecithin concentration should be obtained. To determine the respective percentages. of the lecithin and sphingomyelin fractions appearing in the final fraction, 5 lipid extracts of normal human serum were chromatographed in amounts ranging from 10 to 18 /Amoles of lipid phosphorus per g of silicic acid. When the final fraction of each was analyzed by rechromatography, an average of 1.3 (range 0.9 to 1.6) per cent of the lecithin fraction and 4.9 (range 2.3 to 7.9) per cent of the sphingomyelin fraction appeared in the final fraction, these values showing no correlation with the amount of lipid phosphorus chromatographed per gram of silicic acid. Using these figures, therefore, all of the normal values recorded here were recalculated from the reported data so that 1.3 per cent of the lecithin fraction and 4.9 per cent of the sphingomyelin fraction were considered to be in the final fraction. Thus, these amounts were subtracted from the lysolecithin fraction and added, respectively, to the lecithin and sphingomyelin fractions, the rest of the final fraction being considered as lysolecithin. The reported values for the fraction with density > 1.063 (25) had already been calculated in this way. The values for the patients in the present series were calculated in the same way. When 3 samples of normal serum lecithin were chromatographed in amounts of 3.5, 7.5 and 11.3 umoles lipid phosphorus per g of silicic acid, 1.8, 1.2 and 1.4 per cent of the total lecithin, respectively, appeared in the final fraction. Two samples of whole human red blood cell lipid extract, which contained about one-half the relative lecithin concentration as human serum, when chromatographed in the same way, showed 1.0 to 1.1 per cent of the lecithin fraction in the final fraction. The markedly decreased concentrations of lysolecithin reported in the present study, which were reflected by a decrease in the concentrations of the uncorrected lysolecithin fraction, therefore, do not appear to be related to the associated high concentration of lecithin found. Confirmatory evidence for the decreased lysolecithin concentration was obtained, moreover, by estimating the size of the spots obtained by chromatography of the lipid extract oii silicic acid-impregnated paper.
The concentrations of the individual phospholipids in the density fractions were calculated on the basis of the actual amounts of phosphorus eluted from the column. The corresponding normal values reported previously (25) were calculated on the basis of 100 per cent recovery from the colpmn. Since the average recovery was less than 100 per cent, these normal values were recalculated on the basis of the actual amounts of phosphorus eluted from the column, and appear in Tables III-V. 
RESULTS

Whole serum
The values for the concentrations of the various lipids measured in the whole serum of all of the patients studied are presented in Table I . These patients can be divided into three groups: 1) patients with jaundice (the top 12 in Table I ) with direct serum bilirubin concentration greater than 1.8 mg per 100 ml, 2) patients with cirrhosis with direct serum bilirubin concentration less than 1.8 mg per 100 ml, and 3) patients with bile fistula. Patients wenth jaundice. In these 12 patients, the total lipid phosphorus concentration varied over a wide range. The lecithin concentration was elevated 1 in 8 of the 12 patients and correlated well with the total lipid phosphorus concentration, as it comprised about three-fourths of the latter. The sphingomyelin and "cephalin" concentrations appeared to correlate, but less well, with the total lipid phosphorus concentration. The sphingonlyelin concentration tended to be normal but was elevated in the three patients with the highest total lipid phosphorus concentrations, and the "cephalin" concentration was elevated. The lysolecithin concentration was lowered in all patients with a direct serum bilirubin concentration greater than 11.4 mg per 100 ml, and an inverse correlation between the concentrations of serum lysolecithin and direct serum bilirubin is suggested in Figure 1 . The two patients with the obstructive type of jaundice, whose direct serum bilirubin concentrations were 7.6 and 1.8 mg per 100 ml, respectively, had normal lysolecithin concentrations. The lowest lysolecithin concentration was seen in the patient (I.H.) with acute hepatic insufficiency and coma.
The relative amounts of lecithin and sphingomyelin showed more consistent changes than did the absolute amounts. The percentage of the total phospholipid analyzed as lecithin was elevated in 11 and the sphingomyelin/lecithin ratio was de- percentage of the total phospholipid analyzed as "cephalin" tended to be elevated in the patients with hepatitis. The free cholesterol concentration as well as the ratio of free/total cholesterol was elevated in all of these patients but one, while the total cholesterol concentration varied considerably. The cholesterol ester concentration, like the lysolecithin concentration, appeared to be inversely related to the direct serum bilirubin concentration, as is seen in Figure 3 .
The serum triglyceride concentration was elevated in nine of the patients. All of the sera were Patients with cirrhosis. The three patients with cirrhosis did not show the lipid changes seen in the patients with jaundice, except for some elevation of the ratio of free/total cholesterol in two, lowering of the cholesterol ester concentration in one, and lowering of the concentration of lysolecithin in two. The latter two patients had ascites and edema. All of the sera were clear on inspection.
Patients with bile fistula. (25) , suggesting that the relative binding affinities for these phospholipids by the respective lipoproteins were similar to the normal. The molar "cephalin"/sphingomyelin ratio was higher in the fraction D > 1.063 than in the fraction D < 1.063, as in normal subjects (25) , suggesting that the relative binding affinities for these phosphoiipids by the respective lipoproteins were also similar to the normal. The lecithin ratios in both fractions were similar to the respective values found in normal subjects (25) . The distribution of free and total cholesterol in the density fractions of these ten patients is shown in Table VI . All of the patients with jaundice showed a relative elevation of free and total cholesterol as well as an absolute elevation of free cholesterol in the fraction D < 1.063. In two of the jaundiced patients (L.U., I.H.), there was also a marked increase in the ratio of free/total cholesterol in the fractions D < 1.063 and > 1.063.
The distribution of the triglyceride in the density fractions of nine of the patients is shown in Table VII . Although the error involved in this determination may be considerable, the patients with jaundice had a relatively greater amount of triglyceride in the fraction D < 1.063 than had the normal subjects or the other patients.
DISCUSSION
The data presented indicate that the presence of jaundice, whether parenchymatous or obstructive in origin, was associated with changes in the serum lipids, including the individual phospholipids, cholesterol, cholesterol ester and triglyceride, and in the serum lipoproteins.
Of the 12 patients with jaundice, 8 showed an elevation in serum lecithin concentration; the 4 patients who did not, likewise showed no elevation in total serum phospholipid concentration, in 2 (P.K., I.H.) probably because of severe parenchymal damage (5) and in 2 (J.E., J.M.) because of mild disease. But the percentage of the total phospholipid analyzed as lecithin was elevated in 11 of the 12 patients. The serum sphingomyelin and "cephalin" concentrations were more variable, the former usually being normal and the latter elevated. The ratio of sphingomyelin/lecithin, however, was lowered in all of the jaundiced patients. Similar results were reported by Petersen (8, 9) , who estimated the individual phospholipids by measuring phospholipid fragments after hydrolysis.
The serum lysolecithin concentration appeared to be inversely related to the direct serum bilirubin concentration and was low in all of the patients with marked primary liver disease, being lowest and almost absent in a patient with acute hepatic insufficiency of the chronic alcoholic (23) and coma. The isolation, identification, and quantitation of lysolecithin in human serum have been described previously (21, 22) and confirmed (30, 31) .. About one-half of the serum lysolecithin, furthermore, appears to be concentrated in a lipoprotein fraction D > 1.21 (32) . A decrease in the serum lysolecithin concentration, therefore, might be reflected in a decrease in the amount of lysolecithin in the lipoprotein fraction D > 1.21. Havel, Eder and Bragdon (19) reported that in eight patients with hyperlipoproteinemia, the amount of phospholipid in the fraction D > 1.21 was within the normal range. Furman, Norcia, Fryer and Wamack (33) , ho~vever, noted that in a patient with biliary cirrhosis and a high lipid phosphorus level, almost no ethanol-ether soluble phosphorus was found in the fraction D > 1.21.
The decrease in the serum lysolecithin concentration in the patients with jaundice could be the result of biliary retention, of abnormal liver func-tion, or of both. B3orgstrdrm (34) has shown that the lecithin of bile is converted to lysolecithin in the gastrointestinal tract. The lysolecithin of serum, therefore, may represent that absorbed from the gastrointestinal tract during digestion. and the decreased serum lysolecithin concentration in the patients with jaundice might have been the result of a decreased excretion of bile into the gastrointestinal tract, even though lecithin might have been introduced into the gastrointestinal tract in the diet. If the retention of bile lecithin parallels the serum bilirubin concentration, then the inverse relation between serum lysolecithin concentration and serum bilirubin concentration suggested in Figure 1 would be expected. This explanation for the decrease in serum lysolecithin concentration in patients with jaundice, however, seems unlikely for several reasons. First, the two patients with the obstructive type of jaundice showed normal levels of serum lysolecithin; but their serum bilirubin levels were lower than most of the other patients. Second, two patients with marked cirrhosis, ascites and edema showed decreases in the serum lysolecithin concentration, even though the serum bilirubin concentration was only slightly elevated. Third, three patients with bile fistula, who were losing much if not all of their bile for at least eight days before the serum lipid analysis, showed normal concentrations of serum lysolecithin. It seems likely, therefore, that the liver controls the level of and, as is the case with the other major phospholipids (35, 36) probably synthesizes and breaks down the lysolecithin of serum. Lysolecithinases, in fact, have been found in rat and sheep liver (37, 38) . If this is the case, it apparently takes less hepatic damage to lower the level of the serum lysolecithin than that of the other serum phospholipids. The suggestive correlation of the serum lysolecithin concentration with the direct serum bilirubin concentration thus may represent a correlation with the severity of the parenchymal liver disease, as evidenced by the level of the direct serum bilirubin. The decrease in serum lysolecithin concentration, therefore, appears to be a result of decreased liver function, although the possibility still exists that it is also related to biliary retention in some as yet unknown way.
The association of parenchymatous and obstructive jaundice with an increase in the serum concentration of free cholesterol and in the ratio of free/total cholesterol, as well as the apparent direct relationship between the degree of jaundice and these functions, has been noted before (2-5. 10-12) . The lack of a comparable degree of elevation in patients with bile fistula suggests that a decrease of bile in the gastrointestinal tract was not responsible for these changes. The serum cholesterol ester concentration, like the serum lysolecithin concentration, appeared to be inversely related to the serum bilirubin concentration and was decreased in one patient with marked cirrhosis without jaundice. These data suggest that, in patients with parenchymatous or obstructive jaundice, the decrease in cholesterol ester concentration, like the decrease in serum lysolecithin concentration, may be the result of parenchymal damage, while the increase in free cholesterol concentration, like the increase in serum lecithin concentration, is a consequence of biliary retention. Nevertheless, the possibility exists that the decrease in the cholesterol ester and lysolecithin concentrations may also be related to biliary retention as, for example, by competition with free cholesterol and lecithin, respectively, for lipoprotein binding sites. The increase in the ratio of serum free/total cholesterol in patients with jaundice of both causes, however, is usually attributed to a failure in the cholesterol esterification process.
The serum triglyceride concentration was elevated in nine of the patients with jaundice. The values obtained, however, may be in considerable error as they were calculated as the difference between the concentrations of total serum nonphosphorus-containing lipid ester and serum cholesterol ester, and evidence indicates that cholesterol ester may not give a quantitative color yield with the lipid ester method used (39) (40) (41) . Nevertheless, even if cholesterol ester gave no color yield with this method, the triglyceride values would be elevated ith half of the patients with jaundice and in all of the patients with bile fistula. All of the sera in the jaundiced patients, except for one from a patient with very mild hepatitis, however, were clear on inspection, possibly because of insufficient elevation of the serum triglyceride concentration (42) . Ahrens and Kunkel (10) also noted ir.-creased neutral fat concentrations with clear sera in patients with primary biliary cirrhosis, and Albrink, Man and Peters ( 11 ) found the serum neutral fat to be almost invariably elevated in pa-tients with obstructive jaundice. The elevation in the three patients with bile fistula and the lack of elevation in the patients with marked cirrhosis without jaundice suggest that the increased serum triglyceride concentration might have been related to the decreased delivery of bile into the gastrointestinal tract.
Analysis of the lipoprotein fractions 2 separated by ultracentrifugation in five of the patients with jaundice revealed an elevation of the amount of lipid phosphorus in the fraction D < 1.063 in all, even when the total serum lipid phosphorus was not elevated, and a decrease in the amount of lipid phosphorus in the fraction D > 1.063 in three of the five patients. Similar findings have been reported by others (15) (16) (17) (18) (19) . The minimal, if any, deviation from the normal in these fractions in the nonjaundiced patients with cirrhosis and with bile fistula suggests that these changes are related to bile retention. The mechanism of these changes, however, is obscure. The ratios of the individual phospholipids, cholesterol and cholesterol ester in the density fractions were changed in the same direction as in whole serum. The sphingomyelin/ lecithin ratio, moreover, was considerably higher and the "cephalin"/sphingomyelin ratio lower in the fraction D < 1.063 than in D > 1.063, as in normal subjects (25) , suggesting that the relative binding affinities for these phospholipids by the respective lipoproteins were similar to the normal.
Although it is difficult to dissociate the effects of biliary retention and parenchymal damage, the evidence presented suggests that in patients with jaundice the hyperlipemia, characterized by an increase in the concentrations of lecithin and free cholesterol, is a consequence of the biliary retention. Although the mechanism of such a relationship is unknown, two explanations may be considered. It has been suggested that the hyperlipemia of obstructive jaundice is a consequence of the retention of cholate in the plasma with a resultant trapping of plasma lipids (44) (45) (46) . This explanation seems unlikely, however, because the amount of bile salt in the serum of patients with jaundice is much smaller than the amounts of leci-2 The fractions D < 1.063 and > 1.063 migrate as #-and a-globulin, respectively, on paper electrophoresis (19) , while the fraction D < 1.019 migrates as a.2 globulin on zone electrophoresis (43) . thin and free cholesterol (47, 48) and apparently most of the bile salt is bound to albumin (49) . In addition, the hyperlipemia appears to be rather selective, in that it is largely accounted for by lecithin and free cholesterol. The second explanation seems more reasonable. It is probably more than coincidental that the lipids which account for most of the hyperlipemia in patients with jaundice, i.e., lecithin and free cholesterol, are the same lipids that account for essentially all of the lipid of bile (50) (51) (52) . Although the liver apparently synthesizes lecithin and free cholesterol, the hyperlipemia could result from an inability of the liver to excrete these lipids into the bile as a result of parenchymal damage or from a regurgitation of the bile lipids into the blood as a result of biliary obstruction. Evidence offered against this hypothesis has been the demonstration of an increased rate of synthesis of plasma cholesterol following bile duct ligation in the rat (53) and of an increased rate of plasma phospholipid synthesis in patients with jaundice and hyperlipemia (54) . It is conceivable, however, that the increased rate of synthesis of these lipids may represent an increment in synthesis that ordinarily is excreted into the bile but in jaundiced patients finds its way into the plasma. Other explanations for the hyperlipemia, however, are possible, and selection of the correct one must await further studies.
SUMMARY
The serum lipids, including the individual phospholipids, free cholesterol, cholesterol ester, and triglyceride were analyzed in 12 patients with parenchymatous or obstructive jaundice, in 3 patients with cirrhosis without jaundice, and in 3 patients with bile fistula.
The serum lipids of the patients with parenchymiatous or obstructive jaundice showed a characteristic pattern, even when the total serum lipid concentration was not elevated, which included 1) elevation of the lecithin concentration and, more consistently, of the ratio of lecithin/total phospholipid, 2) elevation of the free cholesterol concentration and of the ratio of free/total cholesterol, and 3) elevation of the concentration of the lipoprotein fraction with density (D) < 1.063 and lowering of the concentration of the lipoprotein fraction D > 1.063, and more consistently, elevation of the ratio of the former to the latter. These serum lipid changes were not seen in the nonjaundiced patients with cirrhosis and with bile fistula, except for some elevation of the ratio of free/total cholesterol, suggesting that this pattern was a concomitant of bile retention rather than of parenchymal damage or decrease in the amount of bile delivered to the gastrointestinal tract.
The serum lipids of the lipoprotein fractions separated by ultracentrifugation reflected the changes seen in whole serum and comparison with the corresponding fractions of normal subjects suggested that the relative binding affinities of the lipoproteins for the individual phospholipids were similar to the normal in all of the patients.
The serum lysolecithin concentration in the patients with parenchymatous jaundice appeared to be inversely related to the direct serum bilirubin concentration. The lowered concentration of lysolecithin in two nonjaundiced patients with cirrhosis and the normal concentration in the three patients with bile fistula suggested that the lysolecithin concentration reflected parenchymal function and that the liver controls the level of and may be the source of this phospholipid.
The serum cholesterol ester concentration varied similarly to the serum lysolecithin concentration and likewise may be related to parenchymal function.
The serum triglyceride concentration was elevated in most of the jaundiced patients and in the patients with bile fistula.
It appears that parenchymal liver damage has a depressing effect upon the serum concentrations of the phospholipids, free cholesterol, and cholesterol ester, while biliary retention tends to elevate the serum concentrations of lecithin and free cholesterol.
